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Abstract 
Traditionally, fruits are harvested through conventional methods which are based on smell, texture and harvesting 
time. This analytical technique has many disadvantages in terms of objectivity and subjectivity. By determining 
various fruits volatile released during pre-matured until matured period, one can actually selectively establish the 
exact time of a fruit to ripe. The aromatic volatile compounds emitted by Harumanis mango were analyzed using 
GCMS and found that terpenes hydrocarbon e.g. limonene, α-pinene, β-pinene, α-terpinene, γ-terpinene and 3-carene 
are the major volatiles that released by the ripe mango. In this work, MIP (Molecularly Imprint Polymer) based 
sensor array were fabricated and tuned to mango aroma volatiles. HyperChem software simulation is used to obtain 
key information such as the Binding Energy (ΔE) between the template and the functional monomer that lead to the 
stable MIP. Designing the MIP using HyperChem is an advantage into saving time and cost compare to trial and error 
experimental methods. Array of different MIPs template e.g. limonene, α-pinene and β-pinene were synthesis and 
coated onto the surface of QCMs (Quartz Crystal Microbalance) followed by polymerization and removal of 
templates molecules that will leave the cavity of selective templates. These QCM arrays are able to distinguish 
between different terpenes gases released by maturity and ripeness mango due to its selectivity and sensitivity 
properties of sensor response. The findings of this study is a great breakthrough for the agricultural sector as volatile 
sensing of chemical markers could determine the optimal harvest time of the local fruits and ensuring the quality and 
standards. 
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1. Introduction  
One of the most important technological aspects in the agriculture industry is during fruit harvesting. 
Since fruits released various volatile compounds during pre-matured until matured period, conventional 
harvesting method are used which are based on smell, texture and harvesting time [1, 2]. This analytical 
technique has many disadvantages in terms of objectivity and subjectivity. By determining various 
volatile compound released during pre-matured until matured period, we can actually determine the 
optimal harvest maturity that results in the full quality of the fruit.   
Based on research done for some fruits such as   mango and citrus type of fruits, there are some 
major volatiles present during the stages of fruit maturity including terpenes, alcohol, ketones and esters. 
It was found that terpene hydrocarbons are the major class of compounds in mango, with contents of 16-
90% [3]. The major terpenes found are γ-terpinene, α-pinene, β-pinene, limonene, 3-cerene, cedrene, and 
etc. that are also present in most of fruits and herbal product such as Orthosiphon Stamineus [4]. 
Limonene is also present in a variety of citrus fruits such as oranges, grapefruits, lemons, limes and 
tangerines. While gamma-terpinene is a monoterpene and a major component made from citrus fruits. γ-
terpinene, α-pinene, β-pinene and limonene, having a same molecule formula which is C10H16 but the 
differences is at their molecular structure as shown in Figure 1. This molecule structure will be the 
imprint as template to the (Molecularly Imprint Polymer) MIP.  
 
 
 
Figure 1: Molecule Structure for limonene, α-pinene, and γ-terpinene  
Electronic nose (e-nose) is an artificial olfaction device that is able to replicate the human olfactory 
sense.  The instrument shall consist of an array of chemical sensors which are specifically designed to 
respond to the surrounding odorants or volatiles.  The e-nose work on the same principle as the human 
nose where the process is same but sensors take the place of human cell receptors and a microprocessor 
takes the place of the brain. It has been shown that it can control the quality of food in some specific 
applications [5-8]. The fruit volatile is drawn across the sensor array and chemical change in the sensing 
material, which causes an associated change in electrical properties, such as conductivity and frequency 
response. Each target MIP in the array can behave like a receptor by responding to different volatile to 
varying degrees thus creating a unique finger print about the fruit maturity. 
         Molecular imprinting is a useful method for the preparation of polymeric porous material with high 
selectivity for a molecule (template) due to memory effects. Molecular imprinting technique is a 
promising technique to produce molecules that possess the ability of molecular recognition at low 
interference level. Over the past several decades, molecular imprinting has been used to produce a large 
variety of materials which have selective adsorption properties for specific molecules [9]. The imprinting 
molecule was used as a template to form a receptor site with complementary binding features with regard 
to the molecule’s shape, structure, and spatial orientation of the peripheral functionality. Basic concept of 
MIP was illustrated in Figure 2 below where involving pre-arrangement of functional monomer and 
template followed by polymerization by using cross-linker at certain temperature that will yield the MIP 
complex. Removal of templates will leave cavity that selective only for the targeted template.   
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Figure 2: Basic Concept of MIP 
 
      Immobilizing the MIP onto the surface of QCM surface as shown in figure 3 has been explored for 
many years upon the detection of aqueous or gas phase. The QCM method has been used by many 
researchers to investigate the mass of a substance adsorbed on coating materials. 
 
 
Figure 3: Application of MIP on QCM Sensor 
 
     The usefulness of computational aids in the development of molecular imprint polymer has emerged 
for several years and been widely used until now. In this project, computational approach was introduced 
and implemented in order to design the MIP and also as an advantage that could eliminate time-
consuming experiments. Molecular simulations also offer a unique perspective on the molecular level 
processes controlling structural, physical, optical, chemical, mechanical, and transport properties [10]. 
Computer software is used to simulate the polymer properties through molecular modeling and 
thermodynamic calculations [11]. Computer simulation is the method that proved to be cheaper and faster 
than experiment [12]. Besides, with the art of computer simulation will gain the understanding of 
intermolecular interaction in molecular system. Synthesis of MIPs required expensive materials and so 
time consuming experiment that accomplish by trial and error experiment in order to predict the ratio of 
functional monomer and template.  Therefore instead of implementing experiment directly, applying 
computational approach to predict the ratio and properties of the molecule can save a lot of time, money 
and work [13].  
 
    Total energy difference (∆E) between was calculated using equation 1 as shown below in order to 
estimate the interaction energy between template and functional monomer. Complex monomer ratio that 
having lowers energy will be chosen and proceed with synthesis of MIP. 
       
                                                                                        (1) 
 
     When the MIPs carry with the analytes, they gain weights though the weight change can be very small. 
Hence, the mass sensitive transducers such combined with MIP technique must be applied for the 
measurements of the analytes.   
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2.     Materials and Methods 
2.1. Materials 
 Templates (α-pinene, γ-terpinene and limonene), Methacrylic Acid (MAA), Ethylene Glycol 
Dimethacrylate Acid (EGDMA), 2-Aminoethanethiol (AET) were purchased from Acros Organics, 
Belgium. Tetrahydrofuran (THF) was purchase from Fisher Scientific, U.K.  
 
2.2 Computational Design  
 
The calculation of Binding Energy (ΔE) was performed using HyperChem 8.0 software. The 
structure of MAA, α-pinene, γ-terpinene and limonene (Figure 4) were drawn and minimized to the 
lowest energy conformation allowed by Austin Method (AM1) with Polak-Ribierre and RMS gradient 
0.01kcal/(Åmol). Eq. (1) was used to calculate the binding energies between template and functional 
monomer. 
 
 
Figure 2: Complex Conformation 
2.3 Self Assembly Monolayer (SAM) 
 
Gold AT cut quartz crystal microbalance 10 MHz was used as substrate. The substrate was immersed  
for 5 min in the mixture of solution (H2O:IPA:KOH=40:60:1) for hydrophilic treatment followed by 
immersed in AET solution for 3 hours. Finally, the QCM was rinsed with ethanol for 5 min. 
 
2.4 Preparation of MIP Solution  
 
1 mmol template α-pinene (0.1603ml) was added to 5 mmol (0.4262ml) functional monomer (MAA) 
and stirred together with 0.01g initiator AIBN. The mixture was dissolved in 10ml THF. 20 mmol 
(3.776ml) EGDMA was added to the mixture and stirrer for 5 minutes. The mixture was purged with 
nitrogen for 3 minutes to remove oxygen. The same procedure was repeated for other templates (γ-
terpinene and limonene). Non-Imprinted polymer (NIP) was prepared and treated as the same manner as 
MIP for control purpose.  
 
2.5 Polymerization and Removal of Templates 
 
2μl of solution were coated on both side of QCM using spin coating method where as the solution is  
deposited free opposite side and has direct contact to the comb electrode.   All coated QCM was 
polymerized under UV light at room temperature for 6hours. QCM was immersed in the mixture of 
methanol and acetic acid for extraction of templates.  
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2.6 Measurement of Sensor Response 
 
Figure 5 shows the working principle for sensor response measurement that consist of different type 
of stages which are baseline, hold, sniff and purge. At this stage, three different gasses which are 
limonene, α-pinene and γ-terpinene were purged to test the sensitivity of MIP towards different gasses. 
This is then connected to the QCM setup where the response of the QCM is been analyzed. Figure 6 
shows the actual setup of the QCM array with different targeted and the graphic interface.   
 
 
Figure 5: Working Principle 
 
 
 
Figure 6: Actual setup of the QCM array and interface  
 
3.    Result and Discussion 
3.1. Optimization of MIP condition 
      
     Binding Energy for each MAA is obtained by modifying Eq. (1) to:  
 
                                                                                                                                    (2) 
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 The need for a strong bond is primarily for formation of pre-polymer complex. Studies suggest that the 
higher the  between the template and a functional monomer, the higher the binding affinity of the 
template for the imprinted polymer [14]. This is because the pre-polymerization complex is one factor 
responsible for the creation of the actual active sites in the polymer that bind the template. Hydrogen 
bond is a type of attraction between molecules which is much stronger than other type of intermolecular 
force, but much weaker than covalent bonding. The strength of the hydrogen bond depends on the donor 
and acceptor as well as their environment.  In principle, the bond energy usually ranges from 1 kcal/mol 
to 5 kcal/mol [15]. Hydrogen bonding interaction plays a significant role in naturally occurring formation 
of complex with high stability and selectivity against MAA. Based on Table 1, 2 and 3 below, ratio 5 was 
chosen to synthesis the MIP due to its’ high . 
 
Table 1: α-pinene and MAA       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
α-
pinene 
:MAA 
Energy 
(kcal/mol) 
ΔE 
(kcal/mol) 
 
(kcal/mol) 
1:1 -3727.316 -2.400 -2.400 
1:2 -4930.395 -6.657 -3.329 
1:3 -6133.127 -10.567 -3.522 
1:4 -7336.097 -14.715 -3.679 
1:5 -8539.392 -19.188 -3.838 
1:6 -9740.319 -21.293 -3.549 
1:7 -10943.888 -26.040 -3.720 
1:8 -12168.505 -51.835 -6.479 
 
 
 
Table 2: γ-terpinene and MAA 
γ-
terpinene 
:MAA 
Energy  
(kcal/mol) 
ΔE 
(kcal/mol) 
 
(kcal/mol) 
1:1 -3751.848 -2.242 -2.2420 
1:2 -4954.718 -6.290 -3.1450 
1:3 -6158.036 -10.786 -3.5953 
1:4 -7360.277 -14.205 -3.5513 
1:5 -8563.880 -18.986 -3.7972 
1:6 -9765.806 -22.090 -3.6817 
1:7 -10967.650 -25.112 -3.5874 
1:8 -12168.505 -27.145 -3.3931 
106   H. F. Hawari et al. /  Procedia Chemistry  6 ( 2012 )  100 – 109 
 
Table 3: limonene and MAA  
 
Limonene 
:MAA 
Energy 
(kcal/mol) 
ΔE 
(kcal/mol) 
 
(kcal/mol) 
1:1 -3745.055 -2.2000 -2.2000 
1:2 -4948.908 -7.2310 -3.6155 
1:3 -6152.668 -14.4810 -4.0563 
1:4 -7357.163 -17.842 -4.4605 
1:5 -8561.063 -22.9200 -4.5840 
1:6 -9761.104 -24.1390 -4.0232 
1:7 -10961.167 -25.3800 -3.6257 
1:8 -12164.903 -30.2940 -3.7868 
3.2 Sensor Response 
Figure 7 shows the sensor response when MIP for α- pinene was exposed to γ-terpinene gas. This 
graph is related to the working principle of the system as shown in Figure 6 where 0-101(x-axis) represent 
the baseline followed by sniff (101-312). At sniff stage, γ-terpinene gas was exposed to MIP showing the 
response (Δƒ) of 92Hz. The system was hold at 312 (x-axis) which is not allowing gasses to flow to the 
MIP and lastly, purging until 380.  
 
 
Figure 7: Sensor Response 
 
 
3.3.  Sensitivity towards target gasses 
 
Figure 8, 9 and 10 shows the selective property of MIP-QCM sensor. When MIPs are exposed to the 
target gasses, the sensor will have a high response for the targeted gasses. For example, in Figure 8, a 
MIP QCM sensor for α-pinene was exposed to three different gasses which are α-pinene, γ-terpinene and 
limonene. It is found that Δƒ for target gasses (α-pinene) is 91Hz which is the highest compared to other 
gasses, γ-terpinene (87 Hz) and limonene (73 Hz). This shows that MIP-QCM sensor in Figure 8 is highly 
selective towards α-pinene gas. 
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 Figure 8: Graph of α- pinene exposed to 3 different gasses 
 
Similar result was expected when the Limonene MIP-QCM sensor was exposed to Limonene gas. 
For Limonene MIP-QCM sensor, Δƒ for target gasses (limonene) is 57Hz (Figure 9) is the highest 
compared to the similar MIP-QCM sensor  was exposed to α-pinene(Δƒ is 54Hz) and γ-terpinene Δƒ is 
56Hz ) respectively.  
 
 
Figure 9: Graph of limonene exposed to 3 different gasses 
MIP QCM for γ-terpinene also shows similar unique selectivity properties where Δƒ for target gasses 
(γ-terpinene) is slightly higher (57Hz) compared to 54Hz when expose to other gasses. Please refer to 
figure 10.  Therefore, based on the result available on 3 different MIP QCM, it is clearly present that MIP 
QCM is selective to the target gasses when expose to 3 type of different gasses.   
 
        
        Figure 10: Graph of γ-terpinene exposed to 3 different gasses.  
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4.  Conclusion 
  
     In this research, the MIP film was successfully implemented to the gas sensor by using QCM 
electrode. The sensitivity of the sensor influenced by preparation of MIP solution where at early stages, 
computational design was applied to predict the performance of pre-polymerization of complexes. It was 
found that the best composition ratio (Template: MAA: EGDMA) was (1:5:20). Therefore, the synthesis 
was successful and the time consuming experiment (trial and error experiment) searching for optimum 
MIP condition can be skipped. In this research, preparation and characteristics of a fruit volatile imprinted 
polymer are been described and a new method for detecting fruit maturity based on QCM is proposed. 
The MIP-QCM sensors are able to selectively detect targeted fruit volatiles, in this case mango volatiles. 
This type of sensor offers tailor-made cavities which showed good selectivity toward selected mango 
volatiles.  The sensor can be used repeatedly by immersing it in a specific solution. Employing QCM 
sensors in an array format provides a higher degree of selectivity and reversibility leading to an extensive 
range of applications especially in determining the optimal harvest time. 
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